We collected the data by surveying the related web sites on power failures during the 2011 off the Pacific Coast of Tohoku earthquake for Kanto areas, and by interviewing to the local government sectors and TEPCO branch offices. We quantify two damage ratios on power failures for subject cities and towns defined by the ratio of the number of affected households and houses at a city by the number of the related households and houses. The dependency of the damage ratios on induced seismic intensities is revealed. The related damage functions with power failures are developed.
INTRODUCTION
The 2011 off the Pacific Coast of Tohoku earthquake caused severe damage on lifeline systems such as water treatments, energy supply systems, communication networks and transportation facilities. Among them, electric power failures occur at maximumly 4,858,580 houses in the areas offered by Tohoku Electric Power Company as of March 17, 2011 (Tohoku Electric Power Company, Inc. 2011 and at maximumly 4,050,000 houses in the areas offered by Tokyo Electric Power Company as of March 11, 2011 (Tokyo Electric Power Company, Inc. 2011 . In the past severe earthquakes, electric power failures occurred: at maximumly 1,600,000 houses in the 1995 Kobe earthquake (Editorial Committee for the Report on the Hanshin-Awaji Earthquake Disaster 1997), at maximumly 280,000 houses in the 2004 Niigata-ken Chuetsu earthquake (Hashimoto 2004 
METHOD OF THE SURVEY
We survey the related web sites on power failures during the 2011 off the Pacific Coast of Tohoku earthquake for cities and towns at Ibaraki, Tochigi, Chiba, Saitama and Kanagawa prefectures and Tokyo Metropolitan areas, and we interview to the local government sectors and TEPCO branch offices. The total number of subject cities and towns is 315: 32 cities, 10 towns, and 2 villages at Ibaraki, 14 cities and 12 towns at Tochigi, 36 cities, 17 towns, 1 village and 6 wards at Chiba, 39 cities, 23 towns, 1 village and 10 wards at Saitama, 25 cities, 2 towns, 1 village and 23 wards at Tokyo Metropolitan areas, 19 cities, 13 towns, 1 village and 28 wards at Kanagawa as shown in Fig. 1 .
INDICES FOR THE ANALYSIS
Based on collected data, we analyze whether power failures occurred or not, the number of households and houses affected by power failures at a city i N PF i and the restoration periods D RP . We quantify the relative frequency f R PF defined as the ratio of the number of affected cities and towns divided by total number of subject cities and towns at a same class for seismic intensity IJ. In addition, we quantify two damage ratios R Table 1 Frequency of affected cities and towns by power failures with seismic intensity IJ and cumulative probability P f of occurrence of power failures with IJ Table 1 shows the frequency of affected cities and towns by power failures with seismic intensity IJ and cumulative probability P f of occurrence of power failures with IJ. Based on the data, we derive the damage function idealized by logarithmic distribution as shown in the following equation,
where λ and ζ are parameters describing logarithmic distribution. Random variable X is a seismic intensity IJ. Fig. 3 shows the derived damage function and Table 2 shows the related parameters. Table 3 shows the frequency of affected cities and towns for restoration periods D RP with seismic intensity IJ and cumulative probabilities on restoration periods D RP with IJ. As well as the damage function on occurrence of power failures in Fig. 3 , we derive the damage function on restoration periods D RP with seismic intensity IJ idealized by same model as Eq. (3). Fig. 10 shows the derived damage function and Table 4 shows the related parameters.
Analysis on the number of affected households and houses

CONCLUSIONS
We surveyed the related web sites on power failures during the 2011 off the Pacific Coast of Tohoku earthquake for cities and towns at Ibaraki, Tochigi, Chiba, Saitama and Kanagawa prefectures and Tokyo Metropolitan areas, and we interviewed to the local government sectors and TEPCO branch offices. Based on the data, we quantified the relative frequency f R PF defined as the ratio of the number of affected cities and towns divided by the total number of subject cities and towns for seismic intensity IJ. In addition, we quantify two damage ratios R 
